Nitric oxide (NO) is one of dozens of lipophilic small molecules that is synthesized from amino acid L-Arginine, O2 and NADPH by nitric oxide synthase (NOS). There is increasing evidence that NO is an important molecular messenger involved in a wide variety of biological processes in different systems. One of the isoforms of NOS enzyme called inducible NOS (iNOS) is stimulated by different stimuli such as lipopolysaccharide (LPS), which is part of the membrane of gram-negative bacteria, which ultimately leads to NO production in the long time. LPS mediated more events for infection. Since NO in biological system is important, in the present study, the effects of LPS on NO production in inbred Balb/c mice via this pathway were examined. The immunological pattern of bacterial LPS as inducer of the immune system in Balb/c mice via NO pathway was investigated. In this study, the bacterial LPS of Salmonella abortus was injected to Balb/c mice among the test group; the control group was received the same volume of drug solvent.
Introdocution
Nitric oxide (NO) is formed from one nitrogen and one oxygen atom (Knowles RG, Moncada S. 1994) . NO has a less half-life and its half-life in biological environments in the presence of H2O and O2 is about 4 seconds. NO combined with H2O and O2 and finally is converted to nitrite and nitrate (Porsti & Poakkari, 1995; Synder & Bredt, 1992) . Under normal conditions a small amount of NO is synthesized by nitric oxide synthase (NOS) type III and I, which participate in many physiological functions of the body. In pathological conditions, large amounts of NO produced NOS type II and will participate in the immune system (Nathan, 1992; Balon, 1998) . In spite of simplicity of NO molecule, NOS is a homodaymer enzyme with a complex building. NOS have three isoforms: neuronal (nNOS), inducible (iNOS) and endothelial (eNOS) NOS. NO has widely activities range in the body, can be mentioned the following systems: cardiovascular, genitourinary, gastrointestinal tract, central nervous, respiratory, endocrine and immunity (Barberger et al., 1998) . NO plays a pivotal role as an anti-Leishmania in macrophages (Anselmo et al., 2010). There is increasing evidence that NO is an important molecular messenger involved in a wide variety of biological processes (Iadecola et al., 1994 ) nervous systems, immune and cardiovascular systems (Amini et al., 2009 ). Moreover, NO and superoxide, which are produced by several cell types, rapidly combine to form peroxynitrite (Pryor & Squadrito, 1995) . A number of factors, including cytokines and immune intermediates are produced with LPS stimulation in animal models, and acts as an inducer of reactive nitrogen (RNI) and reactive oxygen (ROI) intermediates in macrophages Gholizdeh & Nahrevanian, 2005) .
Lipopolysaccharide (LPS) is in the outer membrane of negative bacteria such as Haemophilus, E.coli, Pseudomonas, Salmonella and Shigella, and composed of two main parts lipid and polysaccharide, and his name is bacterial endotoxin. Immunogenicity of LPS is due to its polysaccharide form (Gunnett, 1998) . LPS is one of the main components of the outer wall of Gram-negative bacteria, which has a molecular weight of 2 -20 kDa. Also that's a phosphorylated lipid portion of the molecule forming the outer membrane and a hydrophilic polysaccharide matrix is formed. It also used generally as a "standard stimulus" for the induction of inflammation or fever in laboratory animals and can lead to symptoms such as high blood pressure, metabolic acidosis, increased glucose and potassium (Abbas et al., 1997) . The purpose of this study is that whether bacterial LPS can be used as an inducer of the immune system in Balb/c mice via NO pathway or not. In this searching the Immunological study of bacterial LPS as inducer of the immune system in Balb/c mice via nitric oxide pathway was studied.
Materials & Methods

Animals
Animals used in this experiment were inbred Balb/c mice (6-8 weeks). Animals were supplied by the Laboratory Animal Unit of the Pasteur Institute of Iran located in Karaj, Alborz Province, Iran. Their body weight was 18-20 g, when initially measured on day zero.
Ethical Declaration
Animal experiments were carried out according to the ethical standards formulated in the Declaration of Helsinki, and measures taken to protect animals from pain or discomfort are mentioned.
Bacterial LPS and Dose of Injection LPS 10 mg from Salmonella abortus equi species (Sigma Chemical Co. UK) was dissolved in sterile 0.9 % normal saline and the standard inoculation (0.5mg/Kg/BW) was used for injection into mice. LPS was used to increase the production of immune mediators and cytokines especially used as a NO-inducer in animal models. To do this, simultaneously a single dose of LPS standard concentration (0.5 mg /Kg /BW) was initially injected intra-peritonum (IP) into the test group and the control mice received the same volume of sterile saline (n=5) at same inoculation. Mice at both control and test groups were humanely killed at 140 min post injection of LPS. Animals were terminally anesthetized by inhalation of diethyl ether (BDH Analar Co., UK) and blood was collected by cardiac puncture into a 1ml syringe containing 0.05 mL (50 IU) heparin (monoparin, CP Pharmaceuticals Ltd., UK). After blood collection animals were humanely sacrificed by cervical dislocation. Plasma was prepared by centrifuging blood at 1500 relative centrifugal force (RCF) [MSE; Cebtaur 2 CO., UK] for 10 min, collected and stored at -70 ºC to measure RNI by Griess microassay.
Body Weight
Body weight was measured initially and at different times of experiment using a top pan balance (OHAUS Scale Corp., USA).
Measurement of Survival Rate
Survival rate was presented as the percentage of surviving experimental mice at every other week after inoculation; the significance of differences was determined by ANOVA test and compared with concurrent appropriate vehicle-treated leishmania and control groups.
Assessment of Hepato/splenomegaly
Body weight of mice was measured by a digital scale. Entire livers and spleens were removed post mortem at the end of the experimental period from mice after induction of terminal general anaesthesia by inhalation of diethyl ether (Sigma). Organ wet weights were measured and compared with controls as indices for degree of hepatomegaly and splenomegaly (Nahrevanian et al., 2007) .
Preparation of Tissue Suspension
Tissue samples (liver and spleen) were removed and 0.1 gr of spleen and 0.2 gr of liver tissues were dissected into eppendorf tubes, weighed and homogenized using Pellet Pestle Motor, UK, then 1 ml distilled water (DW) was added to it, the resulting suspension was supposed into the Shaker (Heidolph Co. Gemany) to be completely smooth.
Griess Microassay
The Griess reaction used with modifications to measure nitrite (Nahrevanian et al., 2007) . NaNO2 directly were measured by Griess solution and TCAA. To determine the effect of LPS on NO concentration in blood serum and tissues suspensions. The standard solution of NaNO2 was prepared with 10 different concentrations and the standard curve was drawn. Thenafter 100 μ L DW was poured into 10 eppendorf (1.5 ml), followed by adding 100 μL of NaNO2 solution (1mM) in the first eppendorf tube, since then, 100 μL of the first mixed solution was replaced with the same amount of solution in the later eppendorf and finally 100 μL of solution was removed from the last tube. Final concentrations of NaNO2, were respectively, 500, 250, 125, 62.5, 31.25, 15.6, 7.8, 3.9, 1.95 and 0.9 μM of each of the 10 tube titrations. Then 100 μL of Griess solution was added into each tube and was placed in Shaker (5 minutes) to be well mixed. Final solution was centrifuged at RCF 13000 (Model 1-13 Microcentrifuge, Sigma, UK) for 5 min. Duplicate 100 μL samples of supernatants were transferred to a 96-well flat-bottomed microplate (Costar, USA) and absorbances read at 480 nm using a microplate reader (Bio-Tek-Powerwave XS,USA). Values for the concentration of nitrite assayed were calculated from standard calibration plots for NaNO2. Thus, the standard curve was used to determine nitrite in serum samples and liver/spleen suspensions.
Evaluation of NO in Plasma and Tissue Suspensions
To determine NO levels, 100 μL of plasma or liver and spleen tissue suspension were transferred into tubes and 100 μL of Griess reagent added to them, mixed and the proteins were sedimented by adding 100 μL of 10% trichloroacetic (TCAA) with shaking and incubation for 5 min at room temperature. Contents were centrifuged at RCF 13000 for 5 min and 100 μL of supernatants were removed and inserted in duplicate into a flat-bottomed microplate, the absorbances measured at 480 nm and the NO values determined using the standard curve. Since the first amount of liver and spleen tissue were respectively, 0.2 and 0.1 gr, to determine NO concentrations in liver and spleen in terms of μM/g/wet weight, NO concentration were calculated by multiplication in 5 and 10 times respectively.
Statistical Analysis Data for NO2
-concentration are presented as raw values for different mice. Data are also shown as mean ± standard error of the mean for levels of NO metabolite and compared using Student's t and analysis of variance tests with GraphPad Prism software (Prism Software Incorporated, San Diego, California, USA). A minimum P value <0.05 was considered statistically significant.
Results
In this study, LPS was investigated as an inducer of NO at 180 min time-course after injection into Balb/c mice. In our previous study, tolerance of animals against LPS was shown to be varied between outbred NMRI and inbred Balb/c mice .
Hepato/Splenomegaly
Chart of the liver and spleen weight in both control and test groups to assess the hepato/splenomegaly obtained and were expressed as g. No significant differences in hepatosplenomegaly values were found between the control and test groups (Figure 1 ).
Evaluation of NO in Plasma, Liver and Spleen Suspensions
The samples were poured in duplicate into the microplate, the optical density measured at 480 nm and values calculated using the standard curve by statistical software Graph Pad Prism (Graph pad, San Diego, CA, USA). NO concentrations were expressed as μM/ml (in plasma) and μM/g wet weight of tissue (in liver/spleen suspensions) (Figures 2, 3) . As indicated, the NO concentrations were declined in test groups compared with the related controls in entire samples; however only in the liver suspension it was associated with a significant difference. The NO concentration in the test group compared with the control group. A significant difference was associated with liver test group. No significant difference was found between the control and test groups in spleen.
Discussion
There are several stimuli were reported to activate the immune system, especially to induce cytokines and NO. Gharavi and colleagues used the garlic extract to stimulate macrophages, IFN-γ production and NOS expression (Gharavi et al., 2011) . The findings suggest that garlic extract can stimulate cellular immune responses and causes activation of the macrophage and natural killer cells (Gamboa-Leon et al., 2007). LPS was also reported to induce NOS as key NO enzyme (Nahrevanian & Dascombe, 2002 ). Nahrevanian and colleagues were used the same bacterial LPS to stimulate the immune system in outbred NMRI mice. They found that LPS stimulates the immune system and increase NO levels in this species of mice . In spite of positive effects of LPS among outbred mice, in this study, LPS stimulation did not increase NO activity in Balb/c mice and showed no sufficient effects on the pathophysiology of Balb/c mice, compared to NMRI outbred mice. Our published study indicated the tolerance variation of hosts against LPS between outbred NMRI and inbred Balb/c mice . It can be said that the level of immune response in inbred and outbred mice depends on the genetic profile of hosts for NO induction and microelements production (Souza et al., 2012) . Therefore, it could not be expected bacterial LPS as a standard stimulator to induce inflammation, or as a factor to increase the immune responses in this strain of laboratory mice (Balb/c), in compare to previously published results among outbred mice (NMRI). Inbred Balb/c mice presented higher susceptibility than outbred NMRI mice to LPS injection, indicating LPS molecules are triggered into circulation by immune system. This could be associated with the genetic profiles of host strains leading to respond differently against bacterial LPS. The tolerance variability was depending on the dose, route of injection and strain of mice were used.
